This review examined the association between cholesterol and risk of haemorrhagic stroke, concluding that higher total cholesterol and higher low-density lipoprotein cholesterol seem to be associated with a lower risk of haemorrhagic stroke. Although the evidence base was large and details were limited making it difficult to assess the reliability of the findings, the authors' cautious conclusions seem reasonable.
Study selection
Eligible for inclusion were prospective cohort or nested case-control studies that assessed the association between cholesterol (including total cholesterol, high-density and low-density lipoprotein cholesterol) and the risk of haemorrhagic stroke (intracerebral haemorrhage and/or subarachnoid haemorrhage). Eligible studies had to report effect estimates (risk ratios, hazard ratios, or odds ratios) for at least three categories of cholesterol concentrations to compare low and high concentrations, or per 1mmol/L increments of cholesterol. Studies in children, pregnant women, or participants with pre-existing stroke were excluded from the review.
Included studies were conducted in America, Asia, and Europe (one in the UK) from 1989 to 2013. Some studies included only men. Participant ages ranged from 18 to 93 years, where reported. The categorisation of high and low cholesterol levels varied across studies. Some study characteristics were available in separate online-only supplementary tables.
Two reviewers independently screened studies for inclusion.
Assessment of study quality
Two reviewers assessed study quality using the Newcastle-Ottawa Scale, including criteria on participant selection, comparability of study design or analysis, and outcome assessment and follow-up. Studies could score a maximum of 9.
Data extraction
Three reviewers extracted effect estimates and their 95% confidence intervals. Hazard ratios and odds ratios were considered to be equivalent to risk ratios. Studies that measured cholesterol concentrations using mg/dL were converted to mmol/L (as reported in the review). Where several variable-adjusted models were reported, data from the most fully adjusted model were used.
Methods of synthesis
Where original studies reported separate data by sex, age, and type of stroke, effect estimates were pooled using a fixedeffect model to obtain overall estimates for haemorrhagic stroke, both sexes, and all ages.
A random-effects model was then used to pool risk ratios, and their 95% confidence intervals, by cholesterol type. Separate analyses were conducted to compare the effects of high versus low levels of cholesterol on the risk of haemorrhagic stroke and the effects of 1mmol/L increments of cholesterol concentration on risk (dose-response analysis). Statistical heterogeneity was assessed using I² (I²=25% indicated low, I²=50% indicated moderate, and I²=75% indicated high statistical heterogeneity).
Subgroup and sensitivity analyses were also performed (as detailed in the review).
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Twenty-three studies (over 1.4 million participants, range 1,216 to 787,442) were included in the review, comprising 19 prospective cohort studies and four nested case-control studies. Cohort studies scored from 7 to 9 on the quality scale; all case-control studies scored 9. Four studies adjusted for one covariate (age), while the remaining studies adjusted for at least three covariates. The duration of follow-up ranged from four to 30 years, where reported.
A statistically significant relationship was reported between risk for haemorrhagic stroke and total cholesterol (RR 0.69, 95% CI 0.59 to 0.81; 19 studies; I²=57.6%) and between risk and low-density lipoprotein cholesterol (RR 0.62, 95% CI 0.41 to 0.92; four studies; I²=43.3%), which indicated that lower levels of total cholesterol and low-density lipoprotein cholesterol increased risk. There was no statistically significant relationship between risk of haemorrhagic stroke and high-density lipoprotein cholesterol (eight studies; I²=10.3%).
A statistically significant relationship was reported for per 1mmol/L increment in total cholesterol and risk of haemorrhagic stroke (RR 0.85, 95% CI 0.80 to 0.91; 17 studies; I²=81%), but not for low-density or high-density lipoprotein cholesterol and risk of stroke.
Results from subgroup and sensitivity analyses were reported in the review.
There was evidence of publication bias for analysis comparing high versus low total serum cholesterol.
Authors' conclusions
Higher total cholesterol and higher low-density lipoprotein cholesterol seem to be associated with a lower risk of haemorrhagic stroke.
CRD commentary
The review question was broad but supported by appropriate inclusion criteria. The literature review was somewhat limited and restricted by language, and it was unclear whether unpublished data were sought. Therefore, potentially relevant data may have been missed; the authors noted the potential for publication bias in the results. Each stage of the review process was performed in duplicate, which minimised the potential for reviewer error and bias.
Study quality was assessed using previously published criteria; the included studies seemed to meet most criteria. However, all studies were observational designs (with their own inherent limitations). A large number of participants were included in the review, but few study/participant characteristics were reported and studies were published over a large time span. There was evidence of statistical heterogeneity for some outcomes; the authors went some way to explore the underlying sources.
